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Improvements in and relatlnig to the concentrating of hydrogen. 



We UNIVEHSAL OIL PRODUCTS COMPANY, a 
Corporation organised under the Laws of 
the State of- Delaware* United States of 
America, of No* 30 Algonquin Poad, Des 
Plalnes, Illinois, United States of 
America, do hereW declare the Inven- 
tion, for which we pray that a patent 
may be granted to us, and the method hy 
which It Is to he performed, to he par- 
ticularly described In and by the 
following stateraent:- 

Thls Invention relates to the produc- 
tion of a gas stream of Increased hydro- 
gen concentration from a hydrogen- 
containing mixture of gases which 
Involves the diffusion of hydrogen from 
the gas mixture through a hydrogen- 
permeable membrane • More specifically, 
the Invention relates to a method and an 
apparatus for separating hydrogen In a 
high state of purity. 

It Is well-lmown that metals of Group 
VIII of the Periodic Table are permeable 
to hydrogen and substantially Impei^ 
meable to other gases which may be mixed 
therewith In the commonly found gas mix- 
tures containing hydrogen. Relatively 
thin membranes of such raetals have here- 
tofore been utilized In suitable equip- 
ment to effect at a relatively low rate 
the separation of hydrogen from other 
diverse gases. However, It has been 
found that the use of such thin metallic 
membranes, such as palladium foil, for 
this method of separation are limited in 
their application to low pressures and 
low rates of hydrogen production because 
of the tendency of such thin membranes 
to rupture upon the application of even 
slight pressures on the upstream side of 
the hydrogen-permeable foil. 

Although palladium has been found to 
be one of the preferred hydrogen-: ^. 
permeable elements from which to' ■ 
fabricate such gas diffusion elements. 



other metals of Group VIII of the Periodic 
liable such as iron, nickel, and platinum 
and also certain alloys of the latter 
metals,' as well as alloys of a- metal of 
this group with copper, silver, gold or 50 
molybdenum may be employed in the fabrica- 
tion of a hydrogen-permeable membrane with- 
out sacrificing purity of the gaseous 
product obtainable by the use thereof, and 
without weakening the structural proper- 55 
ties of the membrane. Thus, sllver-- 
palladlum alloys containing from small 
amounts up to about 60 atom % ot silver, 
and more particularly from about 25 to 
40 atom per cent of gpld, and boron-palladliam 
the permeation rate of hydrogen" through 
the membrane mder otherwise similar con- 
ditions. Gold-palladium alloys, particu- 
larly those containing from 20 to about 
40 per cent of gold, and boron-palladium 
alloys, more particularly those contain- 
ing from small amounts up .to 10 atom per 
cent Of boron also Increase the permea- 
bility of the membrane to hydrogen. 

In order to provide a membrane which 
will permit a reasonable throughput rate 
of the hydrogen-containing gas mixture 
and thereby permit the production of 
hydrogen at a reasonable rate, the 
resistance to flow of hydrogen through 
the membrane may be reduced by providing 
a sufficiently thin, foil; alternatively, 
higher upstream pressures may be utilized 
to increase the rate of diffusion of 
hydrogen through the permeable membrane, 
but accompanying such use of higher 
pressures is the necessity of providing 
a membrane of sufficient thickness to 
withstand the higher pressures, without 
rupturing the membranfe. It has been 
fovind, however, that the rate of increase 
in the resistance to flow of hydrogen 
through the hydrogen-permeable membrane 
as the thickness of the membrane : 
increases is greater than the rate of 90 
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Increase In flow through the membrane 
with Increases In pressure to the 
rupture point. Therefore, an Increase 
In the thickness of the membrane to 
5 accommodate higher pressures defeats the 
purpose of higher pressures. The known 
processes employing hydrogen-permeable 
metal foils, for all practical purposes, 
are thus limited .to low- pressures and to 
10 low rates of hydrogen production. 

One object of this invention Is to 
provide a method' for concentrating hydro- 
gen In which a product stream of high 
purity Is obtained at a high rate of 
15 production without the use of bulky or 
cumbersome equipment. Another object of 
the invention Is to provide a simple 
apparatus suitable for carrying out this 
method effectively and permitting the 
20 use of high pressures and high through- 
put rates for the gaseous mixture with- 
out the necessity of frequent replace- 
ment of the hydrogen-permeable membrane. 
The method according to this Inven- 
25 tlon comprises passing a hydrogen- 
containing mixture of gases at an 
elevated pressure and temperature through 
a diffusion zone separated into an 
upstream portion and a downstream por- 
30 tlon by a membrane as hereinafter 

defined comprising a hydrogen-permeable 
metal of Group VIII of the Periodic 
Table, said membrane being supported 
against the upstream pressure by a rigid 
35 porous matrix comprising compressed 

sintered steel particles, and collecting 
a gas stream of higher hydrogen concen- 
tration than that of said mixture on the 
downstream side of said matrix while a 
40 gas stream having a lower hydrogen con- 
centration than that of said mixture is 
collected on the upstream side of said 
membrane. 

In a more specific embodiment of the 

45- method according to the present Inven- 
tion pure hydrogen is separated from a 
hydrotren-containlng gas mixture by 
passing said mixture at an elevated 
pressure and temperature through a 

SO diffusion zone separated into an 

upstream portion and a downstream por- 
tion by a membrane as hereinafter 
defined consisting of a metal selected 
from Group VIII of the Periodic Table 

55 and the hydrogen-permeable alloys of 
said Group VIII metai, said membrane 
being supported on Its downstream side 
against the upstream pressure by a rigid 
porous matrix produced from sintered 

60 steel particles of from i to 100 micron 
particle size, and collecting hydrogen 
on the downstream side of said matrix 
while a gas comprising the non-hydrogen 
component of said mixture is collected 

65 on Che upstream side of said membrane. 



This invention also comprises an 
apparatus suitable for effecting the con- 
centrating or separation of hydrogen from 
a mixture of gases which comprises in 
combination a housing capable of con- 70 
fining a mixture of gases under pressure 
and at elevated temperature, a structur- 
ally rigid porous matrix which comprises, 
compressed sintered steel particles and 
Is sealed into the sides of said housing 76 
and between the ends thereof, a gas inlet 
to and a gas outlet from said housing on 
one side of said matrix, said inlet and 
outlet being spaces from eaqh. other, a 
separate gas outlet from the housing on 80 
the other side of said matrix, and a mem- 
brane as hereinafter defined which 
extends across the entire free area 
within said housing and is supported by 
said matrix, said membrane comprising a 85 
metal selected from Group VIII of the 
Periodic Table and the hydrogen-permeable 
alloys Of said Group VIII metal. 

The present invention permits the 
separation of hydrogen by gas diffusion 90 
at a relatively high pressure in conjunc- 
tion with the use of a relatively thin 
membrane of the hydrogen-permeable metal, 
thereby combining the advantages of both 
high upstream pressures and thin 95 
hydrogen-permeable membranes for produc- 
ing hydrogen at a high rate of produc- 
tion. This desirable result is achieved 
in the present Invention by combining a 
relatively thin hydrogen-permeable mem- lOO 
brane with the porous, structurally 
rigid support therefor which withstands 
the desired operating pressures applied 
to the upstream side of the membrane. 
The porous support for the membrane is 105 
a porous matrix composed of sintered 
particles of metal fabricated Into a 
plate of substantial thickness capable 
of maintaining its structural rigidity 
in spite of high pressure differentials llO 
between the upstream and downstream 
sides of the membrane; the plate has 
sufficient surface area surrounding the 
open pores to support and maintain the 
continuity of the membrane at all points 115 
on the membrane exposed to the elevated 
pressure. 

me porous matrix is generally manu- 
factured by partially fusing a mass of 
the metal in powdered or finely divided 120 
condition, and compressing the heated 
mass of metal particles. Thus, a plate 
fabricated from powdered iron may be 
formed by compressing a mass of iron 
particles retained within a walled 125 
enclosure at a temperature near the 
melting point of the iron, the particles 
generally being compressed In a hydrau- 
lic press capable of exerting pressures 
Of from 350 to about 7,000 kg/cm2. The 130 
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Steel particles from wlilch the porous 
matrix for use In accordance with the 
present Invention Is to be fabricated 
may be supplied to the sintering press 
5 In a size- range varying from finely pow- 
dered to coarsely pelleted fonn, indivi- 
dual particles of which may vary In size 
from 0.1 to 800 microns, preferably from 
1.0 to 100 microns In diameter. The 
10 size of the steel particles In any event 
must be sufficient to produce a membrane- 
supporting plate having pores which will 
permit the free passage of molecular 
hydrogen through the pores of the 
15 resulting plate. Preferably, the porous 
matrix consists of compressed sintered 
stainless steel particles of from l to 
100 micron particle size and has pores 
of not more than 100 micron diameter. 
20 The porous matrix of compressed 

sintered steel particles provides a com- 
pressed plate of the greatest structural 
rigidity and strength retentlveness at 
the temperatures of use, the greatest 
25 resistance to warpage, the most readily 
controllable porosity and generally the 
greatest Inertness -to the hydrogen- 
containing gas stream to be separated. 
In fabricating a porous plate from pow- 
30 dered stainless steel heat may be 
applied, for example, by applying an 
electric current of high amperage to a 
mass of the powdered metal, fusion of 
the powdered particles taking place at 
35 the boundaries of each of the particles 
where the electrical resistance is the 
greatest and local temperatures attain 
the melting point of the metal. A plate 
manufactured of compressed sintered 
40 stainless steel powder may be utilized 
for the separation of corrosive gas mix- 
tures such' as mixtures of hydrogen and 
sulfur trloxlde as well as for the 
separation of gas mixtures comprising 
45 hydrogen and low molecular weight hydro- 
carbon gases or hydrogen-nitrogen 
mixtures. 

Any suitable method for fabricating a 
hydrogen-separation cell may be employed 

50 which will provide for collecting the 
diffused hydrogen component of the gas 
mixture in a separate zone from the non- 
diffused components of the mixture. The 
basic requirement in fabricating an 

55 apparatus for this purpose Is the pro- 
vision of a membrane which extends 
across the pores in the supporting 
matrix and contains a metal which is 
permeable to hydrogen but impermeable to 

60 the non-hydrogen components of the gas 
mixture. This may be provided by a 
method whereby the pores of the support- 
ing matrix are at least partially filled 
or sealed off with the hydrogen- 

65 permeable metal, either by incorporating 



a continuous foil or film of a hydrogen- 
permeable metal, such as palladium on the 
upstream side of the porous matrix or by 
incorporating a discontinuous series of 
hydrogen- permeable metal particles 70 
within the porous structure of the 
supporting matrix, the number of pores 
within the matrix sealed by the hydrogen- 
pemeable metal particles being suffi- 
cient to provide a discontinuous passage 75 
to the non-hydrogen components of the 
gas mixture. The methods for fabricat- 
ing a suitable separation unit to produce 
substantially pure hydrogen are numerous. 
In order to maintain the permeability of 80 
the hydrogen-permeable membrane at a 
higher level and thereby enable the use 
of high feed stock charging rates, it Is 
essential to use a minimum quantity of 
hydro gen- permeable metal of which to 85 
construct the membrane, which quantity, 
however, must be sufficient to fill 
enough pores of the porous matrix to pre- 
vent the leakage of non-hydrogen com- 
ponents through the matrix. It appears 90 
that the transport of hydrogen through 
the hydrogen-permeable membrane essent- 
ially involves the dissolution of the 
hydrogen in an atomic state in the hydro- 
gen-permeable metal and the subsequent 95 
diffusion of the dissolved atoms of 
hydrogen into the zone of reduced pres- 
sure on the dovmstream side of the 
membrane. VHen the path throu^ v^lch such 
diffusion must take place is long, by 100 
virtue of Incorporating an excessive 
amount of hydrogen-permeable metal into 
the membrane^, the concentratloh gradient 
of hydrogen through the metal will be 
small, resulting in a- low rate of 105 
diffusion and considerable resistance to 
flow of hydrogen through the membrane. 

The. above factors involved In the pre- 
paration of the hydro gen^permeable mem- 
brane or cell are illustrated in 110 
Figure 1 of the accompanying drawing. 
The diagram of Figure 1 illustrates a 
porous matrix made up of a mass of 
variously sized compacted, sintered pow- 
dered steel particles, exemplified by 115 
the numeral 1 in Figure i; this matrix- 
contains discrete particles of the 
hydrogen-permeable matal selected from 
the metals of Group VIII of the Periodic 
Table, and preferably the metals- of * 120 
Series 4 and 6 of said Group VIII 
metals, or their hydrogen-permeable 
alloys distributed at random throughout 
the matrix, but filling a sufficient 
number of the pores- between the com- 125 
pacted particles to eliminate free 
passageways for the non-hydrogen com- 
ponents of the gas mixture, preferably 
on the upstream side of the matrix, 
such particles of hydrogen-permeable 130 



metal are Indicated t>y the ntiineral 2 in 
tne Illustration. Of the cut-away portion 
or the hydrogen-permeable membrane shown 
In Figure l. It will be evident that If 
5 more than the required number of par- 
ticles 3 are present In the porous 
matrix, undue resistance to the passage 
Of hydrogen will be encountered because 
in necessity of the hydrogen to dls- 

10 solve m the metal before continuing its 
passage by diffusion through the porous 
structure. It Is also evident that no 
more particles of the hydrogen-permeable 
metal are required in the matrix than 
15 win prevent a free passageway for the 
stream of non-hydrogen components on the 
upstream side of , the- membrane. 

When referred to herein, the term 
"membrane" is intended to designate a 
20 continuous foil or film of the hydrogen-' 
permeable metal or a discontinuous 
series of particles of the metal, pro- 
viding a number of membrane elements 
distributed- m the matrix support, 
25 either of which is Impervldus or forms a 
barrier to the passage of the non- 
hydrogen component or components of the 
feed stoclc gas mixture charged Into the 
':.n apparatus. Thus, the' membrane 

30 may consist of a series of minute par- 
ticles Of only fractional micron thick- 
ness distributed at various levels In 
the porous matrix, and which, taken 
together, over the transverse area of 
35 the matrix present an impervious barrier 
to the non-perraeable gaseous components. 
The term "porous" as utilized herein, • 
indicates a structural condition in 
which spaced voids are dispersed 
40 throughout a solid mass and in suffi- 
cient number and continuity to permit 
fluid flow through the mass, while the 
term "permeable" is Intended to 
characterize a condition which permits 
45 diffusion through the mechanism of dis- 
solution, followed by displacement. 

A number of methods may be utilized 
to form the hydrogen-permeable membrane 
cr^ comprising the diffusion apparatus of 
50 this invention; Thus, a relatively 
thick hydrogen-permeable foil, for 
example a foil of from 0.5 to about 20 
microns in thickness may be placed upon 
the surface of- a* porous plate constltut- 
ing the membrane support and the result- 
ing combination placed in the diffusion 
cell as the hydrogen-permeable element 
Of the apparatus. The thickness of the 
roll m this modification of the present 
60 apparatus should be only sufficient to 
withstand the pressure differential 
between the upstream and doivnstream 
sides Of the foil without yielding to 
the. pressure and fonning a fissure or 
65 aperture through which the gaseous 



mixture may flow. OTie required thickness 
of foil, will, m general, depend upon 
the size of the pores in the matrix and 
will also be determined by the desired 
rate of diffusion, which is inversely 70 
proportional to the thickness of the 
roll and varies directly with the pres- 
sure and temperature or the gaseous mix- 
ture impressed on the upstream surrace 
or the roll. These are mutually depend- 75 
ent factors which can be determined 
readily for any particular system 
involved. 

One Of the preferred methods of pre- 
paring the hydrogen-permeable membrane 80 
comprises placing a thin foil on the 
surface of the matrix and subjecting the 
resulting combination to fluid pressure, 
such as to the pressure of the gaseous 
feed mixture at a pressure level at es 
least as great as the pressure to be 
-employed in the gas diffusion process 
and thereafter determining the purity of 
the hydrogen diffused through the mem- 
brane to the downstream side thereof. 90 
If the resulting hydrogen product Is not 
Of the desired purity, another layer of 
the hydrogen-permeable foil may be 
superimposed on the layer previously 
Placed on the matrix and the procedure 95 
is then repeated until the continuity or 
the resulting membrane Is sufficient* to 
yield a diffused product of the desired 
purity. The thin foil rrom which the 
ultimate membrane I5 rabricated through lOO 
the repeated applications or the roil 
to the porous plate may, for example, be 
a foil having a thickness substantially 
in the range of from 0.1 to 10 microns. 
V?hen it is desired that the thickness 105 
of the membrane be increased gradually 
hy the. application of successive layers 
of foil to the upstream surface of the 
plate, the foil is preferably thin, such 
as a foil or 0.1 micron thickness. 110 
Instead of applying the foil by the 
application of fluid pressure, the foil 
may be pressed into the pores of the 
matrix by burnishing after each applica- 
tion. In general, it is preferred that 115 
this type of layered membrane be 
supported on its downstream side by a 
matrix, the pores of which are sub- 
stantially Of uniform, size and are not 
greater than about 100 microns in ipn 
diameter. ^"^^ 

Figure 2 Illustrates a typical 
arrangement of a type of apparatus 
utilizing a foil or the hydrogen- 
permeable metal as the membrane in the 12s 
present gas dirrusion process. In 
Figure Z, which is an isometric view or 
the Internal portions of a typical gas 
diffusion cell, the portions are shown 
spaced from each other to more clearly 130 



Indicate the arrangement or the appara- 
tus which In Its assemhled form provides 
a unit similar to that shown In Figure 3. 
In order to provide a working model 
5 having a small number of component parts, 
a single hydrogen collection zone may be 
employed in combination with two 
hydrogen-permeable membranes and two 
membrane supports comprising the poroxas 
10 matrices therefor; such apparatus pro- 
vides for two upstream Inlets, with the 
hydrogen product diffusing Into an 
Intermediate hydrogen-collecting zone* 
The penneable membrane on the two 
15 upstream sides Is Indicated In Figure 2 
by the numerals 3 and 4 and the adjacent 
porous matrices for these permeable mem- 
branes are indicated by the numerals 5 
and 6, respectively. The hydrogen 
ZO collection zone which is placed between 
the downstream sides of the two oppos- 
ing porous matrices 5 and 6 is Indicated 
in Figure 2 by numeral 7. These may be 
clamped or bolted together into a unit. 
25 Leakage of gas from the unit is pre- 
vented by sealing each of the pieces of 
the unit around their perimeters by 
means of gaskets, not shown, or by 
polishing the peripheral edges of the 
30 pieces to provide an hermetically sealed 
union between the individual portions of 
the apparatus. Figure 3 illustrates 
one form of a typical gas diffusion 
apparatus embodying the elements of this 
35 invention, above described, together 
with feed distribution zones 8 and 9 on 
the upstream sides of the hydrogen- 
permeable membrane on each end of the 
apparatus which also have their peri- 
40 pheral edges sealed against the hydrogen- 
permeable membrane, as shown in Fig- 
ure 3. me feed distribution zones 8 
and 9 are connected to feed lines 10 and 
11, respectively, which supply the res- 
45 pectlve zones with the hydrogen-contain- 
ing gas mixture to be separated. The 
feed gas mixture is preferably heated to 
an elevated temperature of at least GS^C, 
normally within the range of from 650 to 
50 8200C. , preferably to a temperature 
between 3900 and S400C. , in order to 
Increase the rate of hydrogen diffusion. 
The hydrogen component of the gas mix- 
ture, which, under the temperature and 
55 pressure conditions maintained within 
the feed distribution zones, diffuses 
through hydrogen-permeable membranes 3'* 
and 4', respectively, flows- under the 
pressure existing within zones 8 and 9 
60 through the porous membrane supports 12 
and 13, respectively, into hydrogen- 
collection zone 14, the pressure 
differential between the feed-distribu- 
tion zone and the hydrogen-collection 
65 zone being from 0,65 to 100 atmospheres, 



and preferably at least 1.4 atmospheres, 
with the pressure in the hydrogen- 
collection zone being maintained at not 
less than atmospheric pressure, in order 
to obtain a positive flow of hydrogen 70 
from the upstream side of the hydrogen- 
permeable membrane into the hydrogen- 
collecting zone. . As hydrogen accumulates 
in zone 14, it is withdrawn therefrom 
through line 15 into storage or for 75 
other disposition. The flow of hydrogen- 
containing feed gas through one of the 
feed distribution zones 8 and 9 is pre- 
ferably countercurrent to that through 
the other feed distribution zone In 80 
order to take advantage of the concen- 
tration gradient effect Inherent in 
gaseous diffusion; thus, the non- 
permeated gas outlets are desirably 
located on the feed-collection zones on 85 
the side opposite to the feed gas inlets. 
This arrangement is Illustrated in Fig- 
ure 3 by pipes 16 and 17 which connect 
with the feed-distribution zones 8 and 
9, respectively, through openings on the 90 
side opposite to the feed inlet openings 
10 and 11, respectively. 

Although the foil- type membrane con- 
stitutes one Of the preferred forms of 
using the hydrogen-permeable metal in 95 
the present gas diffusion cell, as 
illustrated In Figure 3, other types of 
preformed membranes may be utilized, as 
hereinafter indicated. 

A simulated foil membrane v/hlch has 100 
certain advantages over a continuous 
foil, above Illustrated, more parti- 
cularly in regard to ease of preparation 
and mechanical stability of the result- 
ing membrane, may be formed by dusting 105 
the surface of the porous matrix with 
the hydrogen- permeable metal in powdered 
form; a quantity of the powdered metal 
is used which reduces the pervlousness 
of the resulting metal film to the non- 110 
hydrogen components of the gas mixture 
to the desired level. Thus, palladium 
powder may be placed on the surface of 
the porous matrix and thereafter 
burnished or polished to form a more 115 
continuous film over the pores of the 
supporting matrix. Another convenient 
method of placing a hydrogen-permeable 
metal film on the surface of the porous 
support comprises electroplating the 120 
desired hydrogen-permeable metal or 
alloy on the upstream side of the porous 
support. Hius, palladlm may be 
readily electroplated on the surface of 
a sintered stainless steel powder plate 125 
by methods and procedures wellknown as 
such in the electroplating art. The 
electroplating process may be continued 
until the continuity of the hydrogen- 
permeable metal layer on the porous 130 
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support has been developed to a degree 
sufficient to reduce the pervlousness of 
the resulting membrane to the non- 
hydrogen components of the feed gas to 
5 the desired level. An alloy of the 
hydrogen-permeable metal, such as a 
platlnum-s liver alloy, may also be 
electroplated directly upon the porous 
plate^ 

10 Another method of applying a super- 
ficial layer or modified foil of the 
hydrogen-permeable metal on the upstream 
side of the porous matrix comprises per- 
mitting vapors of the metal to Impinge 
15 on the surface of the matrix, usually by 
heating the metal ln a high temperature 
electric arc (for example, electrodes 
fabricated from carbon) and allowing the 
vapors to rise to the flat surface of 
20 the matrix held above the metal being 
vaporized, as for example, above the 
electrodes. Uie vaporization may be 
effected under vacuum, conditions, for 
example at 0-01 to 10 mm. Hg pressure, 
25 In order to increase the rate of 
vaporization at a lower temperature 
level. Suitable hydrogen-permeable 
metals utlllzable in the application of 
the latter technique are palladium and 
30 palladium-silver alloys, among others. 
Still another method of placing a 
hydrogen-permeable metal film on the 
surface of a porous matrix comprises 
spraying the metal In molten condition 
35 onto the surface of the matrix main- 
tained at a temperature below the melt- 
ing point of the hydrogen-permeable 
metal, - the .process being generally known 
by the term "metallizing^- Preferably, 
40 the sprayed layer or film of metal is 
built up by succeeding applications of 
thin layers, applied in the form of 
finely divided droplets, the size of the 
sprayed droplets decreasing' as the 
45 velocity of gas through the metallizing 
eQUipment Increases. This method may be 
applied more particularly in the form- 
ing of a film of hydrogen-permeable 
metal or alloy of relatively low melting 
50 point. 

Another method of fabricating the 
supported hydrogen-diffusion membrane 
comprises incorporating the hydrogen- 
permeable metal Into the porous support 
55 by impregnating the porous matrix with 
a decomposable salt of a hydrogen- 
permeable metal (for example, palladium 
nitrate) or with a mixture of the decom- 
posable salts of a hydrogen-permeable 
60 metal and an alloying metal thereof, and 
thereafter reducing the salt or salts 
contained within the porous support to 
produce a metallic deposit of the 
hydrogen-permeable metal or alloy within 
65 the matrix of the porous support. The 



impregnation may be applied advanta- 
geously to that side of the porous 
matrix which will be used as the upstream 
side or higjtx pressure side In the gas 
diffusion cell. Salt solutions of 70 
various concentrations may be employed 
to control the pervlousness of the 
resulting membrane to the non-hydrogen 
components of the feed mixture, the per- 
vlousness decreasing as the concentra- 75 
tlon of salts In the impregnating 
• solution increases. It is expedient to 
gradually increase the continuity of the 
hydrogen-permeable metal in the membrane 
up to the extent desired for the 80 
•required purity of product to. thereby 
determine the minimum quantity of 
hydrogen-permeable metal for maximum 
purity of the hydrogen product. This 
procedure comprises Impregnating the 85 
porous matrix with a dilute solution of 
the hydrogen-permeable metal salt, there- 
after decomposing *the salt, determining 
the purity of hydrogen obtained by using 
the resultant membrane and, if the 90 
hydrogen is not sufficiently pure, 
repeating the series of steps of Impreg- 
nating, decomposing, and testing until a 
product of the desired purity is 
obtained- A suitable class of salts for 96 
this purpose are the nitrates from which 
the hydrogen-permeable metal may be 
readily formed by reduction with hydro- 
gen or by precipitation with hydrogen 
sulfide, followed by treatment of the 100 
metal sulfide with air or oxygen at 
elevated temperature. 

Still another method for Incorporat- 
ing the hydrogen-permeable metal mem- 
brane into the matrix of the porous 105 
support comprises mixing the hydrogen- 
permeable metal in powdered form with 
the matrix- forming material before the 
latter is compacted and sintered, there- 
by preparing the matrix and the mem- no 
brane in the same operation. This 
method is particularly suitable when the 
supporting matrix Is made'of sintered 
stainless steel powder. In this method, 
the pervlousness of the resulting mem- 115 
brane, in combination with the desired 
porous matrix is directly proportional 
to the amount of powdered hydrogen- 
permeable metal incorporated into the 
matrix- forming material and may also be 120 
controlled by varying the mechanical 
and thermal treatment of the formed 
matrix membrane combination to provide 
a membrane of the desired pervlousness. 
'Ihus> the pervlousness of the com- 125 
blned matrix and membrane may be 
reduced by sintering the metal pow- 
der at a higher temperature, thereby 
at least partially sealing the .porous 
structure of the macrix while not 130 



substantially arfectlng the permeability 
Of tne membrane to nydrogen diffusion* 

It Is evident that various modifica- 
tions of the Illustrated apparatus may 
5 be employed In carrying out the method 
of this invention. Thus, for example, 
two or more of the hydrogen diffusion - 
cells may be Interconnected In series, 
with or without Intermediate compressors 
10 at one or more Intermediate points In 
the series of the cells In order to pro- 
duce a hydrogen product of greater 
purity by subjecting the dlffusate from 
one cell to. addl t lonal treatment' in- 
15 succeeding cells or In order to Increase 
the recovery of hydrogen from a given 
gas mixture hy subjecting the non- 
diffused effluent to additional hydrogen 
diffusion treatments. 
SO The method of separation provided 
herein may be adapted to many types of 
feed stocks. Including corrosive mix- 
tures as well as substantially inert 
mixtures of hydrogen-containing gases. 
25 Thus, hydrogen may be recovered from 
mixtures containing low molecular 
weight hydrocarbons such as methane, 
ethane and ethylene, for example, the 
non-condensable gas mixtures formed In 
30 thermal or catalytic cracltlng of petro- 
leum oils- Other feed stocks for the 
present method are gas streams of low 
hydrogen concentration, such as the lean 
gas effluent of an absorber operated in 
35 conjunction with a catalytic cracking 
process, which may contain as low as a 
fractional mol percent of hydrogen. 
Another typical charging stock which may , 
be supplied to the present process for 
40 the purpose of purifying the hydrogen 
therein is a hydrogen-nitrogen mixture 
obtained by autothermic reaction of a 
methane-steam-alr mixture, followed by 
absorption of the carbon dioxide com- 
45 ponent of the resulting gaseous mixture, 
in an aqueous caustic solution. The 
hydrogen-nitrogen mixture may contain 
any concentration of hydrogen. Still 
another use of the present method Is the 
50 increasing of the hydrogen concentration 
m the recycle hydrogen stream of a 
hydrocarbon reforming process. The 
hydrogen-containing recycle g&s mixture 
recovered from the downstream side; of 
55 the reforming reaction is generally 

contaminated with such gases as hydrogen 
sulfide and methane and the recycled gas 
Is preferably purified of such con- 
tamlnants prior to being recycled to the 
60 reforming reaction zone, and the present 
process provides a convenient means or 
effecting such purification. 

This invention is further illustrated 
by the following examples which Indi- 
es cate typical embodiments of hydrogen 



di-ffusion apparatus and method of a 
hydrogen diffusion, all in accordance 
with the present invention and which 
also Indicate the character of the 
results obtainable thereby. 

EXAtlPLE I . . -n 

A hydrogen diffusion cell in simpli- 
fied form is fabricated in accordance 
with the following procedure. A porous 
plate measuring 30.5 cm x 30.5 cm x . 
2.54 cm in dimension is utilized as a 
supporting porous matrix, the plate con^ 
slstlng of sintered particles of stain- 
less steel powder (steel containing 18% 
chromium and 8% nickel) molded into a 
structurally rigid form by heating and 
compressing the stainless steel powder 
of 10 microns average particle diameter 
at or near the melting point of the 
-stainless steel. The plate is fitted 
into a housing which hermetically seals 
the peripheral edge of the- plate against 
the walls of the housing, the plate 
dividing the housing approximately 
through its mid-section, thereby pro- 
viding an enclosure on each side of the 
plate sealed on each side against the 
leakage of gases from the enclosure on 
one side of the plate Into the enclosure 
on the other side of the plate. The 
apparatus Is so designed and fabricated 
that different plates of 2.54 cm thick- 
ness may be substituted into the mid- 
section of the housing for test 
purposes. In the following example, 
the plate of sintered stainless steel 
particles which weigjis approximately 
8.57 kg. has pore diameters which vary 
in diameter from about 2 microns to 
about 10 microns. When placed in the 
gas diffusion cell the plate allows 
approximately Et832 Titers per minute of 
a mixture of 25% hydrogen and 75% nitro- 
gen to pass • througji the plate per minute 
at an upstream pressure of 0.68 
atmospheres. 

The porous stainless steel plate 
indicated above Is thereafter soaked in 
A 0.9% solution of palladium dinltrate^ 
placed in a shallow* pan, the solution 
being maintained- at a.level of 12.7 mm 
depth as the solution enters the porous 
structure of the upstream side of the 
sintered stainless steel plate- The 
plate containing the solution of palla- 
dium dinltrate is thereafter slowly 
dried in an oven at HQOC. for ten 
hours, followed by heating the impreg- 
nated plate in an oven maintained at 
900OC. for an additional* 12 hours to 
decompose the palladium dinltrate salt 
to metallic palladium. The weight of 
the porous plate after the above treat-, 
ment increased an additional 4.87 grams. 
When tested In the gas diffusion cell, 



70 



75 



80 



85 



90 



95 



100 



105 



110 



115 



120 



125 



130 



633, 837 



this plate permits the passage or 1,415. 
liters gas per minute from a mixture of 
255S of hydrogen and 75% nitrogen at an 
upstream pressure of 0.68 atmospheres 
5 and at a temperature of I15OC, and the' 
diffused gas which Is withdrawn from 
the chamber on. the downstream side of 
the sintered plate Is enriched In hydro- 
gen as It contains 455S by volume of 
10 hydrogen and 55% by volume of nitrogen. 

Ihe plate Is thereafter removed from 
the gas diffusion apparatus and placed 
In a pan containing a 0.045% aqueous 
solution of palladium dlnltrate to a 
15 depth of 12.7 mm from the top edge of 
the sintered metal plate. After soaking 
In the latter solution for 3 hours the 
Plate Is again dried and then heated for 
12 hours at 9000c. and thereafter is 
J 20 placed again Into the gas diffusion cell 
for determining the rate of diffusion 
and the concentration of hydrogen in the 
diffused gas. At a pressure of 0.68 
atmospheres, and with the gas mixture at 
25 115OC. the plate permits the passage of 
1160 lltera per minute of gas enriched 
In hydrogen, the collected gas contain- 
ing 93% by voliarae of hydrogen and 7% by 
volume of nitrogen. 
30 The plate as prepared by the second 
impregnation of palladium metal is 
again placed in the shallow pan contain- 
ing an aqueous solution of 0.045% by 
weight of palladium dlnltrate for three 
35 hours, followed by decomposition of the 
Impregnated palladium nitrate at 900oc. 
for ten hours. The resulting plate 
placed In the gas diffusion cell and 
tested with the same initial mixture 
40 containing 75% nitrogen and 25% hydrogen 
at a pressure of 0.68 atmospheres and a 
. temperature of iisoc. on the upstream 

J side permits the passage of 595 liters 

per minute of a hydrogen concentrate cqn- 
45 talnlng 99.5% hydrogen and 0.5% nltro- 
gen. Utilizing a pressure of 6.8 atmos- 
pheres, at 1150c. on the upstream side of 
the sintered plate containing the palla- 
dium membrane, 3,490 liters per minute 
50 of hydrogen concentrate are collected in 
the diffused gas collection compartment 
and this concentrate contains 98.4% by 
volume Of hydrogen and 1.6% by volume of 
nitrogen. At 6.8 atmospheres pressure 
55 and 3000C., 11,553 liters per minute of 
hydrogen concentrate containing 97.5% by 
volume Of hydrogen pass through the cell. 
EXAMPLE II 

A sintered plate of powdered staln- 
60 less steel was used in practically the 
same manner as described in the above 
Example I, except that in each of the 
three successive impregnations the total 
salt in the aqueous impregnating solu- 
65 tlon contained 50 mol % of palladium 



dlnltrate and 50 mol % of silver nitrate 
and this aqueous solution was utilized to 
prepare the hydrogen-permeable membrane. 
Follbwlng each impregnation with the 
above solutions of mixed palladium and 70 
silver nitrates, the impregnated plate 
was dried and the salts contained in the 
Plate were decomposed at a temperature of 
IOOOOq. in order to form an alloy or the 
silver-palladium metal in the porous 75 
plate. At an upstream pressure of 6.8 
atmospheres and a temperature of 1150c. , 
a mixture of 75% nitrogen and 25% hydro- 
gen permits the passage of 2,795 liters 
per minute of a gas diffusate contain- 80 
Ing 99.5% hydrogen and 0.5% nitrogen. 
EXAMPLE III 

A palladium foil of 2.03 micron thick- 
ness was supported by a sintered plate of 
compressed stainless steel powder, the 85 
surface of which had been polished and 
cleaned. This porous plate had been pro- 
duced in the same mannei: as indicated in 
Example I, and the cleaning of the 
polished plate was effected with an 90 
etching solution containing 15% HNO3 
and 5% HF until the porosity was fully 
restored on the polished side, this 
being determined by the flow of air 
through the porous plate.* The result- 95 
ant membrane supported on the upstream 
side Of the porous plate was found to 
remain completely free from rupture at 
a temperature of 4550 and a pressure 
difference of more than 28 atmospheres 100 
between the upstream side of the mem- 
brane and the downstream side of the 
porous plate. 

This supported membrane was used in 
a single diffusion plate cell for 105 
purifying a stream of hydrogen contami- 
nated by 0.7% nitrogen. The cell was 
operated at a temperature of 4540c. At 
an upstream pressure or 27.2 atmospheres 
with the downstream portion of the no 
diffusion cell at atmospheric pressure, 
pure hydrogen was diffused Into the down- 
stream portion of the cell at the rate 
of 9.15 standard liters (measured at boc. 
and 760 mm Hg) per hour per cm2 of the 115 
supported palladium membrane. Pure 
hydrogen was obtained as diffusate from 
the same contaminated hydrogen In the 
same diffusion cell at the rate of 
7.02 standard liters per hour per cm2 120 
of the membrane when operating the 
diffusion cell at a temperature of 
4540c. with an upstream pressure of 
47.5 atmospheres and a downstream pres- 
sure of 20.4 "atmospheres. 10*5 
EXAMPLE XV 

A diffusion cell containing the same 
supported palladium membrane as des- 
cribed in Example III was used for 
separating hydrogen from a mixture 130 
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consisting of hydrogen and methane In 
the proportion or 3 mo Is hydrogen to l 
mol methane. The diffusion cell was 
operated at a temperature of 4540C. with 
5 an upstream pressure of 47.6 atmospheres 
and a downstream pressure of 20.4 atmos- 
pheres. Undlf fused gas was continuously 
withdrawn from the upstream portion of 
the cell at a point opposite to and 

10 remote from the point of the continuous 
introduction of the mixture into the 
upstream portion of the cell- The rate 
of withdrav/al of undlf fused gas was 
varied over the range of from 3.1 to 

15 8,4 volumes per volume of diffusate. A 
dirrusate consisting of pure hydrogen 
was obtained from the downstream portion 
of the cell at the rate of 0.67 standard 
liters per hour per cm2 of the supported 

20 membrane when withdrawing undlf fused gas 
at the rate of 3-1 volumes per volume of 
dlffusate, and a diffusate consisting of 
pure hydrogen was obtained at the rate 
of 1.68 standard' liters per hour per cm2 

25 of the supported membrane when withdraw- 
ing gas from the upstream portion of the 
cell at the rate of 3.4 volumes. per 
volume of diffusate. 

It is to be noted that in both this 

30 Example and Example III, the continuous 
membrane of palladium was found to have 
an appreciably greater thickness than is 
needed for use without any danger of 
brealcing at the conditions of elevated 

35 temperature and pressure described when 
it is directly supported on th » rigid 
porous matrix of compressed slatered 
metal particles. By applying a surei^ 
flclal layer of palladium on the 

40 upstream side of such porous matrix by 
one of the above described preferred 
methods, for example by electroplating 
or vapor-plating, a thinner continuous 
membrane of the hydrogen-permeable metal 

45 can be deposited on the porous matrix 
with the result that, at otherv;ise equal 
conditions of elevated temperatures and 
pressures and without rupturing the mem- 
brane, specific hydrogen diffusion rates 

'50 can be obtained which are up to about 
ten times greater than the specific 
diffusion rates obtained in the above 
Exainples III and IV. 
V.7UT CLAIM IS:- 

55 1. A method of producing a gas stream 
of Increased hydrogen concentration from 
a hydro gen- containing mixture of gases 
which comprises passlnt?: said mixture at 
an elevated pressure and temperature 

60 through a diffusion zone separated into 
an upstream portion and a downstream 
portion by a membrane as hereinbefore 
defined comprising a hydro gen- permeable 
metal of Group VIII of the Periodic 

65 Table, said membrane being supported 



against the upstream pressure by a rigid 
porous matrix comprising compressed 
sintered steel particles, and collecting 
a gas stream of higher hydrogen concentra- 
tion than that of said mixture on the 70 
dov-/nstream side of said matrix while a 
gas stream of lower hydrogen concentra- 
tion than that of said mixture is 
collected on the upstream side of said 
membrane. 75 

2. Method as claimed in claim l where- 
in pure hydrogen is diffused from the ' 
mixture through a membrane consisting of 
a metal selected from Group. vi I I of the 
Periodic Table and the hydrogen-permeable 80 
alloys of said Group VIII metal, said 
membrane being supported on Its dov>m- 
stream side by a rigid porous matrix 
produced from stainless steel particles 

of from 1 to 100 micron particle size. . 85 

3. Method as claimed in claim 2 
wherein hydrogen is diffused from the 
mixture through a membrane supported on 
its dov/nstream side by a matrix having 
pores of not more than 100 micron dia- 90 
me ter. 

4. Method as claimed in any of the 
claims 1 to 3 wherein the mixture is 
supplied to the upstream portion of the 
diffusion zone at a temperature of at 95 
lease 650C. , a difference of from 0,65 

to 100 atmospheres is maintained between 
the pressures in the upstream portion 
and the downstream portion of said zone, 
and the pressure in said downstream por- 100 
tion is maintained at not less than 
atmospheric pressure. 

5. Method as claimed In claim 4 where- 
in the mixture is supplied to the 
upstream portion of the diffusion zone 105 
at a temperature in- the range of from 

390 to 5400C. and a difference of at 
least 1.4 atmospheres Is* inalntalned 
between the upstream and downstream 
pressures. 110 

6. Method as claimed in any of the 
claims 1 to 5 wherein hydrogen is 
diffused from the mixture through a con- 
tinuous membrane consisting of palla- 
dium or a hydrogen-permeable alloy of 115 
palladium supported on the upstream side 

of a porous matrix composed of com- 
pressed sintered stainless steel powder. 

7. The method of producing a gas 

stream of Increased hydrogen concentra- 120 
tion from a hydro gen- containing mixture 
of gases substantially as described. 

3. Apparatus for producing a gas 
stream of increased hydrogen concentra- 
tion from a hydrogen-containing mixture 12b 
of gases, which comprises in comblna-- 
clr-n housing capable of confining a 
mixture of gases under pressure and at 
elevated temperature, a structurally 
rigid porous matrix composed 130 
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substantially or compressed sintered 
steel particles ar^d sealed Into the 
sides of said housing and between the 
ends thereof, a gas Inlet to and a gas 
outlet from said housing on one side of 
said matrix, said inlet and outlet being 
spaced from each other, a separate gas 
outlet from said housing on the other 
side of said matrlXr and a membrane as 
hereinbefore defined which extends 
across the entire free area within said 
housing and is supported by said matrix, 
said membrane comprising a metal 
selected from Group VIII of the Periodic 
T^ble and the hydrogen-permeable alloys 
Of said Group VIII metal, 

9. Apparatus as claimed in claim 8 
wherein the matrix consists of com- 
pressed sintered stainless steel par- 
ticles and has pores of not more than 
100 micron diameter, and said membrane 
is supported on the upstream side of 
said porous matrix. 



lOo Apparatus as claimed in claim 9 
wherein the porous matrix consists of 
compressed sintered stainless steel par^ 
tides of from i to 100 micron particle 
size and supports a continuous membrane 
consisting of palladium. 

11- The apparatus for producing a gas 
stream of Increased hydrogen concentra- 
tion from a hydrogen-containing mixture 
of gases as claimed in claim 8 substan- 
tially as -described with reference to 
the drawings. 
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